The structure of a proposed intermediate of the naturally occurring sesquiterpene hinesol was determined by X-ray analysis. The structure was solved using the heavy-atom technique and refined to an R index of 0-065 for 1739 non-zero reflections. The results of the analysis revealed that the intermediate had a structure incompatible with conversion to hinesol.
Introduction
A proposed intermediate (Ia) in the synthesis of the sesquiterpene hinesol CII) was prepared in the laboratories of Professor J.A. Marshall at Northwestern University (Marshall & Brady, 1969) . Subsequent conversion of the intermediate was not a trivial undertaking, and conventional methods of structure analysis were inconclusive. Therefore, an X-ray analysis was undertaken to establish the stereochemistry of the intermediate with certainty.
Experimental
Suitable crystals of the 4-bromophenylurethane derivative (Ib) were grown from ether/ethyl acetate by slow evaporation. The small plate-like crystals were trimmed to a size of 0-1 x0.4x0.4 mm and surveyed on a precession camera. The survey indicated that the crystals belong to space group P2Jc (systematic absences: hOl with l odd, 0k0 with k odd). The density, measured by flotation, was 1.45 g.cm-3; the density calculated on the basis of 4 molecules per unit cell was 1.435 g.cm -3. Sodium chloride calibrated, zero level, precession photographs established the following cell dimensions: tometer using nicke]-fifi]tered cÜpper rad]atjÜn and a .scintillation counter. A 0-20 scan technique was employed, background was counted for 10 seconds at each end of the scan, and the scan rate was 2 o per minute in 20. A single check reflection (022) was monitored every 30 reflections and revealed no radiation damage; its variation was well within counter statistics.
The diffractometer output was processed using subprograms of the CRYRM Crystallographic Computer System (Duchamp, 1964) • The processing included .,;. -o+ (3) 7136 (3) 774 (7) 5387 (3) 58 (4) 281 (15) 40 (2) 34 (2) 33 (5) -25 (10) C (4) 8040 (4) 1745 (6) 5659 (3) 75 (4) 195 (13) 41 (2) 46 (12) 16 (5) -42 (9) . C (5) 8985 (3) 1019 (6) 5701 (2) 61 (4) 193 (12) 29 (2) 49 (12) 5 (5) 0 (9) C (6) 9009 (3) -704 (6) 5480 (3) 59 (3) 176 (12) 42 (3) 69 (12) 15 (5) -1 (9) C (7) 8112 (4) -1673 (6) 5203 (3) 77 (4) 168 (12) 36 (2) 18 (11) 15 (5) -21 (8) N (8) 9940 (3) 1923 (5) 5990 (2) 50 (3) 179 (10) 52 (2) 57 (9) -12 (4) -26 (8) C (9) 10069 (4) 3693 (6) 5954 (3) 76 (4) 179 (13) 31 (2) 48 (13) 21 (5) -23 (9) O (10) 9417 (2) 4761 (4) 5688 (2) 68 (3) 198 (8) 49 (2) 77 (8) 11 (3) 17 (6) O (11) 11109 (2) 4013 (4) 6272 (2) 60 (2) 168 (8) 51 (2) 30 (8) -4 (3) -25 (6) C (12) 11426 (3) 5849 (6) 6341 (2) 64 (4) 140 (11) 39 (2) 27 (11) 17 (5) 0 (9) C (13) 12571 (3) 5871 (6) 6420 (3) 63 (4) 253 (14) 42 (2) 62 (12) 27 (5) -24 (10) C (14) 12993 (3) 7726 (6) 6517 (3) 53 (3) 237 (13) 34 (2) 34 (12) 22 (4) 21 (9) C (15) 12846 (3) 8673 (6) 7206 (2) 54 (4) 170 (12) 27 (2) -10 (11) 15 (5) 11 (8) C (16) 11747 (3) 8428 (6) 7241 (2) 55 (3) 169 (12) 27 (2) -14 (11) 22 (4) 2 (8) C (17) 11247 (3) 6656 (6) 7031 (3) 59 (4) 174 (12) 37 (2) -5 (11) 31 (5) -7 (8) C (18) 11312 (2) 9630 (6) 7550 (3) 63 (4) 175 (12) 38 (2) -15 (11) 34 (5) -21 (9) C(19) 11858 (4) 11271 (7) 7919 (3) 98 (4) 221 (13) 39 (2) -25 (13) 40 (6) -30 (9) C (20) 13006 (4) 11226 (6) 7978 (3) 81 (4) 210 (13) 44 (3) -97 (13) 23 (6) -1 (10) C (21) 13053 (3) 10652 (6) 7201 (3) 62 (3) 230 (14) 32 (2) -11 (11) 28 (5) 37 (9) C (22) 13618 (3) 8168 (7) 8002 (3) 61 (3) 283 (15) 37 (2) -1 (12) 7 (5) 36 (10) C (23) 13617 (3) 9746 (7) 8511 (3) 73 (4) 313 (16) 32 (2) -99 (13) 2 (5) 25 (10) C (24) 14104 (4) 7730 (7) 6507 (3) 78 (4) 376 (17) 62 (3) 97 (15) 77 (6) 84 (11 corrections for background and for Lorentz and polarization effects. It also included calculation of the F z value and its standard deviation for each of the 1876 reflections (137 reflections had zero intensity). The standard deviations were assigned on the basis of the following equation:
,;i *'3" ' °: :[i
Here, S is the scan count, B1 and BE are the background counts, d is an empirical constant equal to 0.02, and = n/2mt where n = scan range, m = scanning speed and t=time for background count in seconds. Finally, the data were placed on an absolute scale by means of Wilson (1942) statistics. No corrections for absorption were made.
Determination and refinement of the structure
The trial structure was derived by the usual Patterson and Fourier techniques in three dimensions. Fullmatrix least-squares refinement of coordinates, isotropic temperature factors (bromine anisotropic), and scale factor reduced the R index to 11-3%. A difference Fourier synthesis indicated no misplaced or missing Br, C, N, or O atoms. The difference synthesis was also utilized to locate the hydrogen atoms of the methyl group; the remaining hydrogen atoms were positioned from geometric considerations. Tke addition of the hydrogen atoms to the structure factor calculation and the application of anisotropic temperature factors to the refinement reduced the R index to its final value of 6"5%. The quantity minimized was ~ w(F~2-F~)-,2 ,. no shift in the final cycle was greater than 0.3a.
%
The observed and calculated structure factors for the refined structure are listed in Table 1 .
Discussion

Crystallography
The structure obtained was plotted stereographically using the ORTEP program of Johnson (1965) . The final refined atomic parameters and their standard deviations are presented in Table 2 . The bond lengths Table 5 .
A stereoscopic view showing the packing of the molecules is given in Fig. 2 . There are no short contacts between molecules; the shortest major-atom-tohydrogen intermolecular distance is 2.44 N, between H (47) 
